With the ever increasing use of power semiconductor devices and information technology (ICT) equipment in the industries, homes and offices voltage quality are gaining meaningful attention to both industry and electric utility level. The lack of voltage quality causes unusually large economic losses all over the world, since voltage quality problem is one of the major power quality disturbances. This paper presents an investigative study on the 11/0.4 kV, low voltage electrical distribution network, aimed at analyzing voltage unbalance and variation problems and recommending an effective method of improving the voltage profile and reducing the voltage unbalance and variation to allowable standard. The network was modelled with the distribution network standard parameters for low voltage distribution network using MATLAB/Simulink Sim Power System tool box. The simulation results with distribution length 0.5 km for balanced three phase load is within the permissible voltage profile of ±5%, reaching the customers, meaning it is admissible for customers use also it was established that an inadmissible poor voltage profile reaching the customers at the network end of distribution network lengths 0.8 km to 5 km which is less than the standard minimum permissible limit of -5%, of nominal voltage value
Introduction
all over the world. It is estimated that power quality problems cost industries and commerce about £100 billion per annum in the European Union [2] Voltage variation is considered to be the most undesirable power quality enigma in low voltage electrical power distribution networks [3] . Voltage variation can be observed in a specific person customer load due to phase load unbalances, particularly where large single-phase power loads are utilized [4] . Notwithstanding voltage on the transmission side are well regulated and balanced, the voltage at the end user level can become unbalanced due to load variations on each phase and different impedances [4] . Single-phasing, which is the complete loss of a phase, is an extreme case of voltage unbalance condition for a three phase circuit. Electric utilities usually attempt to share residential loads in the same way among all phases of electric power distribution networks [5] . An increase in voltage variation may lead to over-heating and reduce the rating of all induction motor kind of loads [6] , [7] . Voltage variation can lead to network disturbances like malfunctioning of protection relays and voltage regulation device, and generation of non-characteristics harmonics from electronic loads [5] .
Different kind of techniques for calculation definition and interpretation of voltage unbalance and variation as proposed in [8] , [9] , [10] . IEEE agreed standard practice for regulating electric power quality describes voltage unbalance also called voltage imbalance as the maximum deviation from the average of the three phase voltages or currents, divided by the average of the three voltages or currents, expressed in percent, also it can be defined as the ratio of negative or zero sequence component to the positive sequence component [11] . The ANSI standard recommends that the electric supply system should work and make to function to limit the greatest magnitude of voltage unbalance to 3% under no load condition [12] . Mathematically voltage unbalance can be illustrated, using formula given in (1):
The voltage unbalance and variation factor or percentage voltage unbalance can be defined as the ratio of negative V2 and positive V1 sequence voltages [13] , is the greatest employed and approved access of voltage unbalance in the system [14] .
As zero sequence power flow in the system is much more restricted and therefore has much smaller effect than negative sequence power flow, it is not contained in this definition of VUF. V1 and V2 are positive and negative sequence voltages, respectively, and can be obtained using symmetrical components. Unbalance voltages produce undesirable effects on equipment and on the electrical power system, this is made possible due to the fact that a small unbalance in phase voltages can lead to large unbalance in the phase currents [15] , [16] . In unbalanced situations, power systems will incur more losses and heating effects, and will experience instability compared to when the phases are balanced, the system is in a suitable position to react to unexpected and sudden load change [17] .
In this study, an analysis of voltage variation was carried out for low voltage electrical power distribution network 11/0.4 kV, 500 kVA, urban and rural network. The results are presented under normal operating mode. The evaluation using MATLAB/Simulink modelling method is used to investigate and to predict the network voltage variation and unbalance for the different network lengths for balance three phase load.
System Model

Model of LV Electrical Distribution Network
Voltage unbalance and variation in low voltage (LV) distribution network was modelled and simulated in MATLAB/Simulink using Sim Power System tool box. The LV electric power distribution system presented in this model is based on the standard system principles trailed by electricity supply industries, tabulated in Table I . Figure 1 illustrates the proposed Simulink model. The length of the LV electric power distribution lines ranges from 0.5 km to 5 km, the voltage levels and conductor type of the LV access system make up of 400 VL-L, 230 VL-N through 11/0.4 kV, distribution transformer, based on all-aluminium conductor (AAC) standard.
In the proposed Simulink model, a three phase load balanced at 80% transformer rating is considered. The total load injected to the three phase is 360 kW at 0.9 pf, 80% full load capacity. Therefore, the loads on phase A, B, and C for balance load are 120 kW for each phase respectively. 
Network Structure
A low voltage (400V) radial network residential urban/rural electrical distribution network was considered for low voltage variation and unbalance investigation. In this model, the transformer is delta/star connected, the phase loads are assumed to be balanced; neutral conductor is utilized for the transfer of unbalance current circulation and the analysis employed is on mutual effect of the three phases. The IEEE approved practice for low voltage distribution power factor close to unity was used. The network supplies electricity to offices, housing and factories. The feeder has three phase and four wire system with even balance in length. The poles are positioned at a distance of 50 meters from one another. At each pole, factories, offices are served from each phase. The technical data of the distribution network are provided in 
Determination of Electrical Distribution Network Parameters and Load
To determine the voltage profile and current profile at each load point on the distribution network, a simulation was carried out on the modelled electrical distribution network using MATLAB/Simulink Sim Power System tool box. This was done in order to estimate the voltage drop on each phase of the network, hence the voltage profile, percentage voltage deviation and voltage losses on the network was evaluated.
Network Parameters
The line parameters resistance R, inductance H, and the capacitance C, were determined by computation. The resistance, R of the line is determined by using equation (3):
where ℓ is the resistivity of all-aluminum conductor and is given as 2.85µΩ-cm, L is the length of each segment of the line, and A is the cross sectional area of the all-aluminum conductor used. The inductance of each phase and capacitance can be calculated using equation (4) and (5) 
Where ɛ0 is 12 10 85 . 8
 
. The values of geometric mean distance (GMD) and geometric mean radius (GMR) are calculated using equations (6) and (7) respectively.
where r is the radius of the all-aluminium conductor and Dry = 0.279 m, Dyb = 0.279 m, and Dbr = 0.559 m are distance between conductors of two phases for overhead LV electrical distribution network. For 100mm 2 size all-aluminium conductor, it has 7/4.39mm strands of conductors.
Determination of Voltage Deviation (Udev, %) of the Network by calculation
In a bid to determine the voltage deviation of the 11/0.4 kVdistribution network. A three phase V-I measurement instrument in the Simulink model was used for voltage measurements between phase and neutral on the network. Readings obtained are presented in Tables 2 and 3 respectively. The voltage deviation, (Udev, %) was determined using equation (8):
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where Uph is the measured phase voltage, Unom is the normal voltage.
Simulation Results and Discussions
Results of Simulation of Three-Phase Balance Load
The results of simulation of the voltage variation and unbalance investigation of network parameters are presented in Figures 2 to 12, Figure.13 shows the curve of voltage profile for the balance three phase load and Table 2 
Voltage Deviation for Three-Phase Balance Load
The purpose of measuring voltages at the load points is to determine the profile of voltages across the network as well as assess the loading condition. Table 3 shows computation of voltage deviation for three phase balance load and Figure 14 shows 
Conclusions
Based on the simulation result analysis of LV electric power distribution network standard parameters using MATLAB/Simulink Sim Power System tool box. It is shown that the voltage variation and unbalance for 0.5 km distribution network length for balance three phase load is admissible for customers from the beginning to the end of the feeder as designed with engineering standard and judgements. However, it is also established that the voltage variation and unbalance for distribution network lengths of 0.8 km to 5 km for balance three phase load from the beginning to the end of the feeder are less than minimum standard permissible limit of -5%,or 0.95 p.u of the nominal voltage value, hence voltage is inadmissible for customers use. Furthermore, it is shown that a permissible voltage range can be attained if the electricity distribution companies will follow the minimum standard for distribution network length at 80% full load transformer rating with voltage booster connected along the network length. Finally, it was established that voltage variation in low voltage distribution network will amplify or fall based on the network length and the load on the phases. The proposed solutions to poor quality voltage in low voltage electric power distribution systems are: [1] the electricity distribution companies must follow the minimum standard for distribution network feeder length and maximum transformer loading of 80% transformer rating with voltage booster connected to the feeder bus of 11/0.4 kV to boost the supply voltage to standard +5% nominal voltage value. This will remove the problem of critical voltage drops in low voltage electric power distribution networks length. [2] In the case of extending the distribution length beyond the minimum standard distribution length, electricity distribution companies must provide an efficient and effective means of voltage booster connected along the feeder length in order to improve the voltage profile from the beginning of the network to the end to the standard permissible range. If fully implemented, the quality of electricity supply will improve and thereby reduce load shedding during winter and peak load. It will also decrease incidents of malfunctioning of
